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[571 ABSTRACT

An electromagnetic flowmeter whose primary includes
a flow tube through which the fluid to be metered is
conducted to intersect a magnetic field and thereby
induce a voltage therein that is transferred to electrodes
to produce an electrode signal as a function of flow rate,
which signal includes a noise voltage. The electrode
signal is applied to the input amplifier of a secondary
whose output is fed to one input of a summing stage, the
output of which is fed to a range amplifier that yields a
test voltage, the input and range amplifiers producing
offset voltages. To compensate for the noise and offset
voltages, a compensation voltage is derived from the
test voltage and applied to the other input of the sum-
ming stage. This compensation voltage is produced
only when the test voltage exceeds a predetermined
threshold value.
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NOISE AND OFFSET VOLTAGE-COMPENSATED
ELECTROMAGNETIC FLOWMETER

BACKGROUND OF INVENTION

1. Field of Invention:

This invention relates generally to electromagnetic
flowmeters, and more particularly to a meter of this
type in which a noise voltage generated in the primary
of the meter and offset voltages produced in amplifiers
included in the secondary and compensated for to pro-
vide an accurate flow rate reading.

2. Status of Prior Art:

In an electromagnetic flowmeter such as disclosed in
the U.S. Pat. No. to Mannherz, 4,296,636, the liquid
whose flow rate is to be measured is conducted through
a flow tube of a primary provided with a pair of diamet-
rically-opposed electrodes, a magnetic field perpendicu-
lar to the longitudinal axis of the tube being established
by an electromagnet. When the flowing liquid intersects
this field, a voltage is induced therein which is trans-
ferred to the electrodes. The voltage, which is propor-
tional to the average velocity of the liquid and hence to
its average volumetric rate, is then amplified and pro-
cessed in a secondary to actuate a recorder or indicator.

German patent publication DE-05-3132471 discloses
an electromagnetic flowmeter in which the signal from
the primary is applied to a secondary that includes an
input amplifier and a range amplifier whose amplified
output is fed to sample and hold stages to yield two
half-cycle sampling or scanning values which are fed to
a signal processor.

Because the electrode signal voltage from the pri-
mary includes a noise voltage and the amplifiers in the
secondary produce offset voltages, unless these voltages
are compensated for, the flow rate reading is inaccurate.
In the German publication, a compensating voltage is
derived from the output of the range amplifier, and this
is added to the output voltage from the input amplifier
applied to the input of the range amplifier by way of a
sample and hold stage activated by a timing signal de-
rived from the half cycle scanning values.

In this prior arrangement, the sample and hold stage
for producing the compensatory voltage is activated by
the timing signal once every half cycle of the signal
voltage; that is to say, in each half cycle of the signal
voltage a scanning takes place of the compensating
voltage. Thus each half cycle scanning value is free of
noise voltages as long as these are constant during one
period of the signal voltage.

One significant disadvantage of this prior arrange-
ment is that not only is a period necessary for scanning
the signal, but there must also be a signal available for
compensation.

SUMMARY OF INVENTION

In view of the foregoing, the main object of this in-
vention is to provide a flowmeter in which the noise
voltage generated in the primary of the meter and offset
voltages produced in amplifiers included in the second-
ary are compensated for to provide an accurate flow
rate reading.

An important distinction between the present inven-
tion and the compensation arrangement disclosed in the
prior German publication is that compensation of noise
and offset voltages takes place only when these voltages
lead to an overload of the amplifier stages of the signal
processing system included in the secondary of the
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flowmeter and therefore to an erroneous signal process-
ing. Existing noise and offset voltages that do not re-
quire compensation are determined within the signal
processing system and eliminated. In this way, except
for signal scanning, no further scanning interval within
a signal measuring period is called for if compensation
of the noise and offset voltages is not required.

Briefly stated, these objects are attained in an electro-
magnetic flowmeter whose primary includes a flow
tube through which the fluid to be metered is conducted
to intersect a magnetic field and thereby induce a volt-
age therein that is transferred to electrodes to produce
an electrode signal as a function of flow rate, which
signal includes a noise voltage.

The electrode signal is applied to the input amplifier
of a secondary whose output is fed to one input of a
summing stage, the output of which is fed to a range
amplifier that yields a test voltage, the input and range
amplifiers producing offset voltages. To compensate for
the noise and offset voltages, a compensation voltage is
derived from the test voltage and applied to the other
input of the summing stage. This compensation voltage
is produced only when the test voltage exceeds a prede-
termined threshold value.

BRIEF DESCRIPTION OF DRAWINGS

For a better understanding of the invention as well as
other objects and further features thereof, reference is
made to the following detailed description to be read in
conjunction with the accompanying drawings, wherein:

FIG. 1 is a block diagram of a first embodiment of a
noise and offset voltage compensated electromagnetic
flowmeter in accordance with the invention;

FIG. 2 (a to b) is a timing diagram of the signals
produced in the first embodiment;

FIG. 3 is a block diagram of a second embodiment of
the invention;

FIG. 4 (a to /) is a timing diagram of the signals pro-
duced in the second embodiment;

FIG. 5 is a block diagram of a third embodiment of
the invention;

FIG. 6 is a timing diagram of the signals produced in
the third embodiment; and

FIG. 7 is a block diagram of a fourth embodiment of
the invention.

DESCRIPTION OF INVENTION
First Embodiment:

Referring now to FIG. 1, there is shown an electro-
magnetic flowmeter primary 1 in which the fluid whose
flow rate is to be metered is conducted through a flow
tube 2 provided with a pair of metering electrodes 3 and
4 at diametrically-opposed positions along an electrode
axis perpendicular to the longitudinal flow axis of the
tube. Disposed at diametrically-opposed positions along
a field axis perpendicular both to the electrode axis and
the flow axis are electromagnet coils § and 6. These
generate a magnetic field whose lines of flux are inter-
sected by the flowing liquid, as a consequence of which
a signal voltage is induced therein which is transferred
to the electrodes.

The signal voltage yielded by the primary is applied
to the input amplifier 9 of a secondary whose output is
an electrode signal voltage Ug that includes a noise
voltage component. Signal voltage Ug is applied
through a summing stage 10 to a range amplifier 11 that
yields a measuring or test voltage Uys. This test voltage
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is applied to two sample and hold stages 12 and 13
which scan the test voltage to produce half-cycle scan-
ning voltages Uy+ and Up—.

Stage 12 includes an R-C network formed by resistor
12-1 and capacitor 12-2. Stage 13 inciudes an R-C net-
work formed by resistor 13-1 and capacitor 13-2. Test
voltage Uy is entered into stage 12 by way of an elec-
tronic switch 12-3 actuated by a timing signal B, and it
is also entered into stage 13 by way of an electronic
switch 13-3 actuated by a timing signal C. These
clocked timing signals are generated by a timer 8 which
also generates timing signals A and A’ which are ap-
plied to a control stage 7 for electromagnet coils 5 and
6.

The half-cycle scanning values are superimposed on a
summing stage 14 whose output is applied to a signal
processing system 15 which is controlled by a timing
signal E from timer 8. Timing signal E controls a com-
pensation interval in which there are no valid measure-
ment values to signal processing system 15, and it can
also simultaneously deliver information on the quality
of the signal voltage.

In order to compensate for noise voltages generated
in the primary of the flowmeter as well as for offset
voltages arising in amplifier stages 9 and 11 of the sec-
ondary, a compensating voltage Uy is derived from test
voltage Ujas. Compensating voltage Uyis generated as a
function of a predetermined threshold value as long as
test voltage Uy and the halfcycle scanning values
Usm+ and Upr— exceed this threshold.

To this end, values Upy+ and Up— appearing at
terminals 18 and 19 are applied to a timer control stage
17 for timer 8. Control stage 17 yields at its output
terminal 20 a control signal F that is applied to timer 8
only when two threshold values Uy and Up are ex-
ceeded in both half cycles of scanning values Up+ and
Up—. Timer 8, when activated by control signal F,
delivers a timing signal D to a sample and hold stage 16
which yields the compensating voltage Uk.

Timer control stage 17 includes a pair of comparators
17-1 and 17-2 which respectively compare threshold
values Uy and Up with the half-cycle scanning values
Usr+ and Up—. The outputs of these comparators are
applied to an OR gate 17-E which produces at its output
terminal 20 the timer control signal F.

Essential to the invention is that compensation by
compensating voltage Uy take place during a correction
interval only when the half-cycle scanning values U+
and Ups— exceed threshold values Uyrand Ug. If during
this correction interval, a change occurs in the noise or
offset voltages, then the half-cycle scanning values are
not fully compensated for to zero by the end of the
interval. However, as a rule, the subsequent halfcycle
scanning values Uxs+ and Upss— will lie well within the
limits defined by threshold values Uy and Ugp. If this is
not the case, a new correction interval will commence.

The timing relationship of timing signals A', A, B and
C are illustrated in timing diagrams 2(a), 2(b), 2(c) and
2(d), respectively. FIG. 2(¢) shows the timing relation-
ship between threshold values Up and Uy and the half-
cycle values Up+ and Up—, while FIGS. 2(f), 2(g)
and 2(h) illustrate the timing relationship of timing sig-
nals F, D and E.

It is to be noted that in FIG. 2(a), signal A’ from timer
8 applied to coil control stage 7 (see FIG. 1) is operated
when the magnetic field in the primary of the meter is
not switched off and when the compensating voltage
Uk is then operative. Signal A in FIG. 2(5) is operative
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when the magnetic field is switched off and the com-
pensating voltage Uy is operative. In the flowmeter
arrangement shown in FIG. 1, threshold values Uy and
Up can be constant or made variable to take into ac-

count expected noise signals in primary 1.
Second Embodiment:

FIG. 3 shows a modification of the flowmeter ar-
rangement shown in FIG. 1. The parts in the FIG. 1
arrangement which remain unchanged are not shown in
FIG. 3.

In the FIG. 3 embodiment, the half-cycle values
Us+ and Up— which appear at terminals 18 and 19
are applied to a summing stage 180 which add these
values to produce at output terminal 190 an error volt-
age Urthat depends on the half-cycle scanning values.
Error voltage Uris applied to a timer control stage 170
responsive to a threshold value Ug.

Stage 170, which is similar to stage 17 in FIG. 1,
includes a pair of comparators 170-1 and 170-2 whose
outputs are applied to an OR gate 170-3 that yields
signal F at terminal 20 to activate timer 8. Error voltage
Ur is fed directly into both comparators. Threshold
voltage Ugis fed directly into comparator 170-2 and via
an inverter 1704 into comparator 170-1.

The timing diagram for this embodiment is shown in
FIG. 4 in which FIG. 4(a) shows timing signal B; FIG.
4(b), timing signal C; FIG. 4(c) threshold voltage +Ug
and —Ug; FIG. 4(d) timing signal F; FIG. 4(¢), timing
signal D; and FIG. 4(/) timing signal E.

Third Embodiment:

FIG. 5 is a modification that includes stages found in
the FIG. 1 and FIG. 3 embodiments; hence these stages
are not shown.

In the FIG. 5 embodiment, terminal 190 shown
therein corresponds to the same terminal in FIG. 3
where an error voitage Uris yielded by summing stage
180. Error voltage Uris applied from terminal 190 to a
timer control stage 170 to produce a signal F' that is
applied to timer 8 which is arranged to also yield a
timing signal G.

Timing signal G is fed to range amplifier 11 which
yields test voltage Uy, and also to a sample and hold
stage 160 responsive to error signal Ur. Stage 160 in-
cludes elements 160-1 to 160-4 corresponding to ele-
ments 16-1 to 16-4 in stage 16 in FIG. 1. Switch 160-4 of
stage 160 is actuated by timing signal D’ from timer 8.

In this embodiment, the amplification in the test volt-
age amplifier circuits and in the compensating voltage
circuit can be adjusted to a given relationship with the
noise and offset voltages via timing signal G. If there is
a dividing factor which reduces the amplification in
range amplifier and in sample and hold stage 160, an
adjustment can be made in the noise and offset voltages
which otherwise would lead in an overloading of the
scanning and holding stages 12 and 13.

In this way, compensating voltage Ug can be reduced
by proper selection of the amplification. If the amplifi-
cation of range amplifier 11 is reduced about the divid-
ing factor, amplification about the dividing factor must
be reduced in scanning and holding stage 160.

For example, if there is a substantial noise signal that
causes overloading of scanning and holding stages 12
and 13, an error voltage Ur of adequate amplitude will
not appear at terminal 190 of summing stage 180. When,
however, the amplification of range amplifier 11 is re-
duced, the sample and hold stages will no longer be
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overloaded. But since offset voltage Ugat terminal 190
will be limited to the dividing factor, it must be again
increased according to the dividing factor in sample and
hold stage 160 so that the compensating voltage Ux has
the necessary amplitude after the correction interval.

Since in this embodiment, compensating voltage Ux
is subtracted directly from error voltage UFr, two cycles
of the test signal are required for the correction interval,
since the new measurement values must be taken care of
in sample and hold stages 12 and 13 following an over-
load of the threshold value.

FIGS. 6(a) to 6(b) give the timing diagrams of the
signals developed in the FIG. 5 embodiment.

Fourth Embodiment:

The embodiment in FIG. 7 is a modification of the
embodiment in FIG. 5 and includes a stage 161 having
a comparator 161-1, a switch 161-2 and an R-C network
161-4. The output of stage 160 at terminal 191 in FIG. §
is applied to the + input of comparator 161-1. Stage 161
functions as a pulse-width modulator.

Timer 8 supplies to the — input of comparator 161-1
of stage 161 a sawtooth voltage H having a frequency
which is high relative to the test voltage frequency.
Comparator 161-1 compares signal H with signal Ust
from stage 160 (FIG. 5) to produce a pulse-width modu-
lated compensating voltage Ux which adjusts itself in
such a way as a function of control voltage Ust that the
noise and offset voltages are compensated to zero. The
timing diagram shown by FIGS. 6(a) to 6(b) are also
applicable to this embodiment.

While there have been shown and described pre-
ferred embodiments of a noise and offset voltage-com-
pensated electromagnetic flowmeter in accordance
with the invention, it will be appreciated that many
changes and modifications may be made therein with-
out, however, departing from the essential spirit
thereof.

We claim:

1. A flowmeter provided with a primary in which a
fluid whose flow rate is to be metered is conducted
through a flow tube to intersect a2 magnetic field estab-
lished therein by electromagnet coils to induce a volt-
age therein that is transferred to electrodes to produce
an electrode signal that depends on flow rate and in-
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6 .
cludes a noise voltage, and a secondary operatively
coupled to the primary, said secondary comprising:

(a) an input amplifier responsive to the electrode

signal from the primary;

(b) a summing stage having two inputs, to one of

which is applied the output of the input amplifier;

(c) a range amplifier responsive to the output of the

summing stage to produce a test signal voltage, said
input and range amplifiers having offset voltages
produced therein which together with the primary
noise voltage disturb the accuracy of the flowme-
ter; and

(d) means to derive from the test signal voltage a

compensating voltage which is applied to the other
input of a summing stage to effect compensation
for said noise and offset voltages when the test
signal voltages exceed a predetermined threshoid
value.

2. A flowmeter as set forth in claim 1, wherein said
compensating voltage derived from the test signal volt-
age is produced by a sample and hold stage activated by
a timing signal obtained from a timer activated by plus
and minus half-cycle sample values of the test signal
voltage which are compared with threshold values.

3. A flowmeter as set forth in claim 2, wherein said
plus and minus half-cycle half cycle sampled values are
produced by respective sample and hold stages coupled
to the output of the range amplifier whose outputs are
applied to a timer control stage.

4. A flowmeter as set forth in claim 3, wherein said
compensating voltage is derived from an error voltage
obtained by adding the half cycle sampled values,
which error voltage is compared with a threshold
value.

5. A flowmeter as set forth in claim 4, in which the
compensating voltage is pulse-width modulated by a
sawtooth voltage whose frequency is high relative to
the frequency of the test signal voltage.

6. A flowmeter as set forth in claim 1, wherein the
magnetic field produced in the primary is cut off when
the compensating voltage is operative.

7. A flowmeter as set forth in claim 1, wherein the
magnetic field produced in the primary remains opera-

tive when the compensating voltage is operative.
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